Abstract-The research of oven-based drying technology on the production process of turmeric rhizome (Curcuma Longa L.) with thickness 0.15 and 0.30 cm have been. A number of parameters, such as slicing thickness, drying methods and temperatures are optimized, to achieve water and functional compounds (essential oils, curcuminoids, curcumin, demethoxycurcumin, bis-demethoxycurcumin and polysaccharides) content that meet the standards. The results of applying oven-based drying technology to turmeric and white turmeric were investigated at four temperatures (70, 85, 100, 115 ºC) and compared with conventional drying using sunlight (with and without black cloth). Low water content of turmeric and white turmeric was observed on drying results using an oven with a temperature of 115 ºC, but with a higher degree of functional compound degradation compared with conventional drying results, with and without black fabric intermediates. Based on water content, the optimum drying results are obtained from oven-based drying with a temperature of 115 ºC and a slice thickness of 0.15 cm. The evaluation results of the functional compound levels using HPLC under optimum conditions showed significant differences between conventional and oven-based drying results. Although the essential oil content of turmeric and white turmeric simplicia in this study is still above that required by Materia Med Indonesia, which is 1.5%, but of all the drying methods tested, oven-based drying is capable of producing the simplified product with the most close to oil content 1.5% compared with conventional drying. Thus, oven technology can be used as an alternative method for drying of rhizome to produce turmeric and white turmeric simplicia with optimum quality as well as lower process time and energy.
I. INTRODUCTION
Turmeric is one type of spice that belongs to the Zingiberaceae family which is generally bred from Curcuma longa rhizome [1] . The bright yellow characteristic obtained from turmeric is primarily produced by the performance of the fat-soluble polyphenolic pigment commonly referred to as curcuminoid which includes curcumin (C1), demethoxy curcumin (C2) and bis-demethoxy curcumin (C3) [2] . Turmeric and its commercial extract are very popular throughout the world for various industries as spices and preservatives in the food industry, as well as dyes in the food and textile industry [1] [3] . Turmeric is also reported to have antioxidant and antimicrobial effects [3] [4] as well as is a potentially high biological material as a cure for cancer, cardiovascular, inflammatory and Alzheimer diseases [2, 5] .
White turmeric (Curcuma zedoria Rosc.) is one kind of Zingiberaceae family is no less important in traditional medicine and the drug industry. White turmeric has the main ingredients in the form of essential oil with an assortment of monoterpenes and sesquiterpenes, curcuminoids, and polysaccharides. Pharmacological activity demonstrated antimicrobial effects [6] , anti-inflammatory, anti-cancer, hepatoprotective and insecticides. The compounds curcuminoid such as curcumin, demethoxy curcumin and bisdemethoxy curcumin is a bioactive component in the genus Curcuma who are known to have a cytotoxic effect against OVCAR-3 (Human Ovarian Cancer Cells) and is traditionally used in the treatment of cervical cancer [7] . While the polysaccharide compounds binds proteins and they can be isolated with white turmeric are reported to have antitumor properties in Ehrlich ascites (mouse tumors) [8] .
The management of post-harvesting must be highly considered because its effect on the quality of the products. Quality and safety of bio-farm products, one of which is simplicia, is closely related to the quality of raw materials, post-harvesting handling, and processing technology. Postharvesting management technologies include selecting, washing, drying [9] [10] [11] [12] , packaging, labeling and storage, before being marketed, both on fresh conditions and after further processing. However, as far as the knowledge of authors the detailed report on Standard Operating Procedure (SOP) of post-harvest preparation of products, especially in the form of simplicia, with quality as per the standards required by Materia Med Indonesia [12] does not exist.
In previous reports [12] it has been reported the effect of washing time, slice thickness, drying method and temperature on the quality of ginger and red ginger rhizome. The results showed that the best quality turmeric and white turmeric simplicia, according to Materia Med Indonesia prerequisites, was obtained from a production process involving washing for 1 minute, slice thickness of 0.15 cm, and drying using oven at 115 ºC. Further, to get the effect of these four factors on the quality of the other rhizome which is also a kind of local potency of Indonesia, in this research have been studied influence of washing time, slice thickness, method and temperature of drying to water and functional compound content of turmeric and white turmeric simplicia.
Based on its usefulness, in this study, the contents of turmeric and white turmeric functional compounds include: (1) essential oils; (2) curcuminoid; (3) curcumin; (4) demethoxy curcumin, and (5) bis-demethoxy curcumin, becoming the indicator for the achievement of the turmeric and white turmeric simplicia quality.
II. MATERIAL AND METHOD

A. Material
The main raw materials used in this research are turmeric and white turmeric rhizome. Optimization and standardization of post-harvesting management of turmeric and white turmeric rhizomes was carried out using a number of pre-published equipment [12] , including washers (artificial) required for optimization of washing time using hot plate magnetic stirrer plate (NESCO Lab MS-H280) as a motor that produces a whirlpool to reduce contaminants, slicing machine (Bosch MUZ4DS3) capable of performing 60 grams/min with a thickness of 0.15 cm and 0.30 cm; the J-LabTech LDO-030E (Daihan LabTech Ltd. Co.) drying machine which has a heating temperature range of 50 °C -250 °C and a drying time capacity of up to 60 minutes for optimization of rhizomes drying.
B. Manufacturing of turmeric and white turmeric simplicial
Post-harvest handling of turmeric and white turmeric rhizome is done through three main stages covering washing, slicing, and drying. To obtain optimum quality, it has been done washing with varying duration, 1 -3 minutes. After that, rhizome through the slicing thickness optimazation stage to obtain a thickness which capable to producing water and functional group content fulfill the standard set by Materia Med Indonesia. For this purpose, the applied slice thickness is 0.15 cm and 0.30 cm. The rhizomes were then dried by using 3 (three) drying methods, which was by sunlight, sunlight with black cloth as an intermediary, and oven. To determine the effect of drying temperature, the drying process using the oven is applied at a number of different temperatures including 70 °C; 85 °C; 100 °C; and 115 °C. The drying process is accomplished without the reversal of the sample, and is immediately stopped after the constant mass of samples is obtained.
C. Turmeric and white turmeric water content analysis
The water content of turmeric and white turmeric simplicia is evaluated with reference to AOAC 927.05 (AOAC, 2000).
D. Turmeric and white turmeric functional compound content analysis
Analysis of functional compound content of turmeric and white turmeric simplicia was carried out by the following procedure: (1) essential oil analysis performed by Stahl distillation, (2) curcuminoid, curcumin, demethoxy curcumin and bis-demethoxy curcumin analysis performed with liquid chromatography (LC) (Agilent 1290 Infinity) and STM columns (Agilent 1290 Infinity). Meanwhile, polysaccharide analysis was performed with UV-Visible Spectrophotometer (Pharmaspec UV-1700) at maximum wavelength (λmax 490 nm).
III. RESULT AND DISCUSSION
A. The influence of washing time against turmeric and white turmeric water and functional compound content Washing time is one of the variables in the post-harvest processing of rhizome that affect the quality of the product, especially on the content of its functional compounds. Rhizome washes with appropriate times will result in a simplicia product with minimal contaminant and quality that meet the herbal product standards established by Materia Med Indonesia [12] . Thus, the production process will not only produce products with higher functional compound content but also longer shelf life which is directly related to a low water content in rhizome products. In Fig. 1 , appears the molecular structure of curcumin, desmethoxy curcumin, and bis-desmethoxy curcumin contained in curcuminoids in rhizome of turmeric and white turmeric. In Fig. 1 , the difference in molecular between C21H20O6 for curcumin, C20H17O5 for desmethoxy curcumin, and C19H14O4 for bisdesmethoxy curcumin. In Table I was presented drying time and water content of dry turmeric and white turmeric simplicia obtained from the application of washing stages for 1-3 minutes. In Table I it is apparent that an increase in washing time applied to the producing process of turmeric and white turmeric simplicia will occur as the longer drying time is applied and the higher the water content it contains. In the process of turmeric simplicia producing, the simplicia with the lowest water content of 13.8% was obtained from washing for 1 minute with a drying time of 380 minutes. Meanwhile, in the process of producing white turmeric simplicia, the product with the lowest water content of 10.0% was obtained from washing for 1 minute with 400 minute drying time. Thus, it can be said that at the same time of washing, the turmeric contains a higher percentage of water content compared to white turmeric. The increased application of washing time on turmeric and white turmeric simplicia production has induced an increase in the quantity of water diffusing into the inner layer of material so that longer drying time is required. In addition, to evaluate the influence of washing time on the production of turmeric and white turmeric simplicia, a functional compound content analysis on the resulting simplicia product was performed. In the analysis result shown by Table II , it is clear that there is a decrease in the functional compound content of turmeric and white turmeric simplicia products along with the application of increased washing time. This is due to the solubility of specific functional compounds in simplicia, both turmeric and white turmeric in water used for washing, albeit on a small scale. The decrease of functional compound content of turmeric and white turmeric simplicia produced from washing time variation did not occur significantly. The low decrease of the functional compound content, especially curcuminoid type of both simplicia products, are more due to the relatively low solubility of the corresponding functional compounds in water. Along with an increase in washing time, curcumin is a functional compound that has the lowest decrease in contents compared with demethoxy curcumin and bis-demethoxy curcumin. This is mainly due to the lowest solubility of curcumin compounds compared to demethoxy curcumin and bis-demethoxy curcumin. The presence of both methyl functional groups as substituents in the curcumin functional compounds have further decreased the solubility of these compounds in water.
The presence of less hydrocarbon groups with lower polarity in the demethoxy curcumin and bis-demethoxy curcumin compounds has increased their solubility in highpolarity solvents such as water. However, when a comparison is made between them, bis-demethoxy curcumin has a higher solubility than demethoxy curcumin in an aqueous solvent. This condition is triggered in the absence of a nonpolar methyl functional group on its molecular structure.
The results of the functional compound analysis of turmeric simplicia showed a specific decrease with the longest washing time, i.e 3 minutes, which was detected decrease in: The same reduction was also detected in the functional compound contents of white turmeric simplicia that had been through the washing stage for 3 minutes, which was detected decrease in : (a) essential oil content, respectively 0.37% and 11.67%; (b) curcuminoid, respectively by 14.29% and 35.73%; (c) curcumin in curcuminoid, respectively 0.37% and 12.84%; (d) demethoxy curcumin in the curcuminoid, respectively by 5% and 13.86%; (e) bis-demethoxy curcumin, each of 7.63% and 14.13%; and (f) polysaccharide, respectively by 10.09% and 14.40% when washing time increases. Thus, the decrease in functional compound contents in white turmeric simplicia was found to be lower than turmeric after washing for 3 minutes.
B. The effect of slicing thickness and drying method to
simplicia's quality and nutritional content In Table 3 and 4 appears the drying time which are 22.38%; 10.09%; and 37.50% longer of the turmeric simplicia having a thickness of 0.3 cm compared to 0.15 cm in a production process which each involves drying out by the sun without, and with an intermediate black cloth and oven with a temperature of 100 °C. The drying time yields dried turmeric simplicia with a water content of 13.8% -20.5%. Turmeric simplicia with a thickness of 0.30 cm shows a water content yield of 26.81%; 48.55%; and 6.67% higher than those having a thickness of 0.15 cm at the production stage accompanied by drying by the sun without, and with intermediate black cloth and oven with temperature 100 ˚C.
Meanwhile, in the producing process of white turmeric simplicia with slice thickness of 0.3 cm, it takes 26.49%; 9.15%; and 5.17% longer drying time than the drying process of white turmeric with a thickness of 0.15 cm, each has been through the drying process using sunlight, sunlight with a black cloth intermediate, and an oven with temperature of 100 ˚C. This longer drying time has resulted in white turmeric simplicia with a water content of 17.3%; 19.3%; and 15.0% each resulted from drying process by sunlight, sunlight with black fabric intermediates, and an oven at a temperature of 100 ˚C. The water content of white turmeric simplicia with a thickness of 0.30 cm is 73.0%; 33.1%; and 1.35% higher than the simplicia with a sliced thickness of 0.15 cm, each of which is dried by sunlight, sunlight with a black cloth intermediate, and an oven at a temperature of 100 ˚C.
Meanwhile, the analysis result shows the need of drying time which are 26.49%; 9.15%; and 5.17% longer on the drying of white turmeric simplicia having a thickness of 0.3 cm rather than 0.15 cm, in drying with sunlight without, and by using a black cloth intermediate, and an oven with temperature of 100 ˚C. This drying operational condition has induced the formation of white turmeric simplicia with water content of 17.3%; 19.3%; and 15.0%. Water content detected in white turmeric simplicia with a thickness of 0.30 cm resulting from drying with sunlight without and with intermediate black cloth and oven with temperature 100 ˚C is 73.0%; 33.1%; and 1.35% higher than the thickness of 0.15 cm. Overall, the manufacture of turmeric simplicia products with a sliced thickness of 0.15 cm using an oven with a temperature of 100 ºC can reduce the drying time to 53.37% and 62.26%, respectively compared to sunlight drying, without and by using intermediaries black cloth. In line with that, in the producing process of the turmeric simplicia with a thickness of 0.30 cm, drying using an oven with a temperature of 100 ºC can save drying time up to 47.62% and 52.87% compared with the same comparison methods.
In accordance with those described in previous publications [12] , water becomes one of the important components in food products that are closely related to appearance, texture, and taste. Water content also determines the acceptance of food products. The sensitivity due to the decrease in water content caused by evaporation is influenced by the lack of atmospheric pressure in the surrounding environment and the surface layer structure of the food product. Drying is one of the oldest preservation techniques in the world and this method is widely used for preserving various agricultural products. By drying, the water activity in the simplicia can be reduced to a minimum level where no deterioration occurs over a definite period of time [13] [14] . The lower water content will have a direct impact on the ease of contamination of food products by fungi and bacteria, reducing the decomposition of the active compound by the enzyme, facilitating further processing, resulting in a more compact structure and longer shelf life [12] .
Drying will never replace canning and freezing methods as both methods play a maximum role in preservation so that the taste, appearance, and nutritional value of fresh foods can be maintained, but drying has become the best procedure in the production of delicious and nutritious food. The greatest advantages of dry food products, one of which lies in a minimum storage space needed compared to the results of canning and freezing.
As is well known, in India, it has long been known for the rhizome boiling procedure with an alkaline solution medium before it is dehydrated. However, there is some controversy about the advantages of this procedure and its effect on the turmeric color [15] . Improved product quality and potential loss reduction can only be realized through the use of appropriate drying procedures [14] [15] .
In addition, functional compound data of turmeric and white turmeric simplicia, as shown in Table V and Table VI, show the simplicia product of turmeric and white turmeric dried by direct sunlight having a lower material content than the black cloth intermediaries. As previously published [12] , the use of high temperatures in the drying process using direct sunlight has also led to higher evaporation levels of the volatile functional compounds in turmeric and white turmeric. 
FUNCTIONAL COMPOUND CONTENT OF WHITE TURMERIC SIMPICLIAS RESULTED FROM SLICING THICKNESS AND DRYING METHOD OPTIMIZATION
In addition to the method of drying, the slicing thickness is also a determinant variable of the product quality of turmeric and white turmeric simplicia. This is shown in the data of functional compound content contained in the simplicia with 0.15 cm and 0.30 cm sliced thickness, as shown in Table VI  and Table VII . The data of the functional compound levels showed that the simplicia product with a sliced thickness of 0.15 cm had a lower functional compound compared with a thickness of 0.30 cm. This is because the slicing process of turmeric and white turmeric with a lower thickness has resulted in a higher level of damage to the material matrix. Such conditions have facilitated the evaporation of volatile functional compounds from within the material during the drying process. In contrast, higher slice thickness (0.30 cm) has created significant resistance to the evaporation of functional compounds from within the raw material during the drying process. Table VII shows turmeric and white turmeric levels of 16.67% and 12.67% for the simplicia produced from drying by oven for 1,610 minutes and 1,820 minutes at 70 ºC.
C. The effect of drying temperature to simplicia's quality and nutritional content
A higher-temperature drying process produces simplicia with lower water content and shorter drying times. The minimum drying process with 80.75% and 84.62% shorter drying time on the production process of turmeric and white turmeric simplicia can be achieved through the application of drying procedure at 115 °C. The turmeric and white turmeric simplicia produced from drying at 115 °C have water content of 13.83% and 9.50% after drying process each for 310 and 280 minutes. Data of water content for simplicia of turmeric and white turmeric produced at 70 ºC; 85ºC; 100ºC; and 115 º C are shown in To evaluate the effect of temperature on the production of turmeric and white turmeric simplicia, there has been done an analysis of functional compound of simplicia resulting from drying at 70 ° C; 85ºC; 100ºC; and 115ºC. The results of the analysis, as presented in Table 9 , showed that: (a) turmeric simplicia has a greater curcumin content than white turmeric; (b) under the same conditions, white turmeric simplicia has an essential oil content, curcuminoid, demethoxy curcumin, and bis-demethoxy curcumin higher than turmeric. Furthermore, in order to obtain the operational conditions for the turmeric and white turmeric simplicia manufacture that have the best quality, has done the simplicia quality analysis using the standard set by Materia Med Indonesia [12] . Based on the optimization results, it is known that the best simplicia product is generated from the following operational conditions: (1) 1 minute washing time; (2) 0.15 cm slicing thickness; (3) oven-based drying; and (4) 115 ºC drying temperature. The best quality of turmeric simplicia found to have contents of 2.04% essential oil; 1.05% curcuminoid; 53.86% curcumin; 9.81% demethoxy curcumin; and 2.01% bis-demethoxy curcumin. Meanwhile, white turmeric simplicia product with best quality contained 2.20% of essential oils; 1.26% curcuminoid; 42.84% curcumin; 12.36% demethoxy curcumin; 4.15% bis-demethoxy curcumin; and 5.42% polysaccharides.
IV. CONCLUSION
The optimization results showed the effect of washing time, slice thickness, drying method, and temperature in water and functional compound content of turmeric and white turmeric simplicia produced. Increased washing time of raw materials has led to an increase in water content and decrease of simplicia functional compounds. In contrast to these conditions, the increase in the slice thickness of the raw material has led to an increase in water and functional compounds content of turmeric and white turmeric simplicia.
The optimization result of the drying method shows that the application of drying process using sunlight with black cloth intermediate has produced the turmeric and white turmeric simplicia with the highest water content, while the simplicia product with the lowest water content is obtained from the oven-based drying process. Furthermore, an increase in drying temperature has resulted in lower water content and reached the maximum when a drying temperature of 115 °C is used.
The best quality of turmeric and white turmeric simplicia generated from production stage by (1) 1 minute washing time; (2) 0.15 cm slicing thickness; (3) oven-based drying process; and (4) 115 ºC drying temperature. Turmeric simplicia product with best quality has a water content of 13.83% with 2.04% essential oil; 1.05% curcuminoid; 53.86% curcumin; 9.81% demethoxy curcumin; and 2.01% bisdemethoxy curcumin. Meanwhile, white turmeric simplicia product with best quality has a water content of 9.50% and 2.20% essential oil; 1.26% curcuminoid; 42.84% curcumin; 12.36% demethoxy curcumin; 4.15% bis-demethoxy curcumin; and 5.42% polysaccharides.
